ABSTRACT: Scavenging fishes of the Mid-Atlantic Ridge (MAR) were investigated using a baited autonomous lander equipped with a time-lapse camera between 924 and 3420 m water depth along 3 east -west transects at 42, 51 and 53°N across the MAR. We photographed 22 taxa at bait. Community structure analysis revealed 3 main assemblages, shallow (924 to 1198 m), intermediate (1569 to 2355 m) and deep (2869 to 3420 m), dominated by 3 species, Synaphobranchus kaupii, Antimora rostrata and Coryphaenoides (Nematonurus) armatus, respectively. Abyssal species in the axial valley region were C. armatus, Histiobranchus bathybius and Spectrunculus sp. Compared with continental margin regions A. rostrata were abundant and grew to a large size in the 2 northern transects, whereas S. kaupii were reduced in abundance and maximum depth of occurrence. The size, abundance and depth distribution of C. armatus was consistent with the hypothesis that these fish are part of a population mixing freely across the deep North Atlantic Basin. Temperature and latitude influenced distribution. (1) Five taxa were found only in the southern transect: Pseudotriakis microdon, Centroscymnus coelolepis, Simenchelys parasitica, Anguilliformes sp. and Lepidion 1 sp.
INTRODUCTION
The Mid-Atlantic Ridge (MAR) between 40°N (Azores) and 63°N (Iceland) is the largest topographic feature in the North Atlantic Ocean. It is characterised by complex bathymetry, great distances from continental land masses and its intersection with the subpolar front, a boundary between temperate/subtropical and sub-arctic water masses (Berger 1989 , Longhurst 1998 ). This area has been explored for commercially exploitable demersal species, mainly by the former Soviet Union (Troyanovsky & Lisovsky 1995 , Bergstad & Godø 2002 . Hareide & Garnes (2001) surveyed demersal species down to 2000 m depth. They detected a faunal divide at latitudes between 48 and 52°N, where species reach the southern or northern limits of their distributions. These fishes have received very little attention and were not covered in the 'Summary atlas of deep-living demersal fishes of the North Atlantic Basin' (Haedrich & Merrett 1988) . Classical studies along transects from the continental shelf edge, across the continental slope, down to the abyss show a succession of species with adaptations to progressively greater hydrostatic pressures, colder temperatures and a decrease in food supply (Carney 2005) .
The slopes of the MAR differ from corresponding continental margin slopes in several important ways. The crest of the ridge between 42 and 53°N rises to ca. 1000 m depth, so the upper slope and much of the midslope depth range at which recruitment of many species occurs (Merrett & Haedrich 1997 ) is absent. Organic matter input to continental margin regions is derived from lateral advection of material from coastal and shelf regions and surface productivity, whilst on the MAR input is predominantly only from the latter (van Weering et al. 1998 ).
Thus, in comparison with equivalent continental margin regions, we hypothesise that demersal fishes of the MAR are influenced by a truncated depth range of available habitat, as well as lower food availability. The latter suggests that if food supply influences the depth distribution of fish species, they should be displaced to shallower depths, but limited by an absolute upper barrier corresponding to the summit of the MAR. Furthermore, at the latitude of the Charlie-Gibbs Fracture Zone (CGFZ), the North Atlantic Drift traverses the MAR, therefore defining a boundary, the sub-polar front, between colder productive waters to the north and warmer lower productivity waters to the south. Henriques et al. (2002) showed that abundance of deep demersal fishes is greatly influenced by latitudinal differences in surface productivity. It is most probable that fishes of the MAR are influenced in the same way.
In the present study we used a baited free-fall lander equipped with a digital camera that could be deployed on the rough terrain of the MAR. Our objective was to:
(1) catalogue the scavenging fish fauna of the MAR, (2) determine the effect of latitude in relation to the subpolar front, (3) investigate the presence of depth-specific communities and (4) estimate the abundance of species at these locations to identify potential trends in biomass. Studies were carried out at 924 to 3420 m, and data were compared with previous studies on the continental margins of the NE Atlantic Ocean (Priede et al. 1994) .
MATERIALS AND METHODS
Study region and lander operations. Data were collected from the RV 'G.O. Sars' during the second leg of the MAR-ECO (Mid-Atlantic Ridge Ecology, www. mar-eco.no) cruise to the MAR (3 July to 3 August 2004), using the RObust BIOdiversity lander (ROBIO) (Jamieson & Bagley 2005) .
The ROBIO was equipped with a downward facing digital stills camera (Kongsberg Maritime, 4 .1 megapixel), a flash unit (Kongsberg Maritime, OE11-242), a Sensortec (UCM-60DL) current meter and a twin acoustic ballast release system (IXSEA OCEANO AR and RT). When deployed, the lander was suspended 2 m above the seafloor by ballast, which was in the centre of the field of view. A reference scale (1 m × 1 m, cross marked at 10 cm intervals) and 500 g of mackerel Scomber scombrus bait were attached to the ballast approximately 10 to 30 cm above the seafloor. Mackerel was used as bait for consistency with other studies. Ribbons were attached to the end of each arm of the scale cross to visually corroborate current direction. The system was recovered by release of the ballast on acoustic command.
Sampling was distributed along 3 east -west transects across the MAR (Table 1 , Fig. 1 ) and comprised Transect 1 (5 deployments north of the Azores at 42°N), Transect 2 (6 deployments southeast of the CGFZ at 51°N) and Transect 3 (6 deployments northwest of the CGFZ at 53°N). Depths ranged from 924 to 3420 m.
Images were taken at 90 s intervals (except Deployment 1, in which 60 s intervals were used), with approximately 250 images per deployment. Depth, temperature, conductivity, current velocity and direction were logged at 60 s intervals by the current meter. Table 2 . Scavenger taxa attracted to deployed bait. Peak abundance at bait (max. N), percentage of frames in which the taxon was visible (frames) and total length of fish (TL; mean ± SD). Taxa are arranged in order of minimum depth of occurrence, where taxa are recorded at the same minimum depth they are arranged taxonomically. For some species it was not possible to measure TL (-), individual animals have no SD
Arrival times, maximum number of fish present in the field of view, percentage of frames with visible fish and total length of fish were recorded for each species (Table 2) . Fishes were identified to the lowest possible taxonomic level using morphological characteristics visible in the images. Voucher specimens caught at each station depth using the Campeln 1800 trawl system were used to verify identification.
Abundance estimation. Estimated abundances of Synaphobranchus kaupii Johnson, 1862; Antimora rostrata (Günther, 1878); and Coryphaenoides armatus (Hector, 1875) were calculated using the methodology of Priede et al. (1990) . We assumed swimming velocities of 0.077 m s -1 for C. armatus (Henriques et al. 2002) and 0.213 m s -1 for A. rostrata (Collins et al. 1999) . For S. kaupii, 0.169 m s -1 was calculated from swimming speed in body lengths per second (Uiblein et al. 2002) ). Coryphaenoides armatus were observed most often (10 deployments) and could therefore be analysed in more detail than the other species. The maximum number of fishes visible every 9 min was recorded, and a curve was fitted to this data using the model proposed by Priede et al. (1990) . Best fits for curve parameters were then used for comparison between regions, with α 0 = initial arrival rate (fish min -1 ) and β = mean staying time of the fish (min).
Length measurement. Total lengths of fish were taken from images using Image Pro Plus (MediaCybernetics, Version 4.5), and linear regressions were fitted. The software was calibrated at the beginning of each deployment using the reference scale. Fish were only measured if the full length of the body was visible at an elevation equal to or lower than the reference scale. . Total length was converted to standard length by subtracting 3% (Gordon & Duncan 1987 , Priede et al. 1994 .
Statistical analyses. Maximum fish numbers at bait for each species were √-transformed for community structure analysis using PRIMER 5 software (Clarke & Warwick 1994 , Clarke & Gorley 2001 tion was used to allow for low abundances and rare species occurrences. Group average cluster analysis was conducted on Bray-Curtis similarities (Bray & Curtis 1957) . Non-metric, multi-dimensional scaling (nMDS) ordination was applied to visualise clusters in 2 dimensions, followed by SIMPER analysis to identify characteristic species and ANOSIM to assess the significance of the chosen level of separation between clusters. The biota and environment matching (BIOENV) procedure was used to match biotic patterns with the abiotic environmental variables depth (m), temperature (°C), latitude (degrees), current velocity (mm s , from the top 300 m of the surface waters). Fluorescence data were obtained from CTD profiles obtained close to the deployment site, and were used as a proxy for primary productivity. All other environmental data were obtained from the current meter. Group cluster similarities were conducted on normalised Euclidean distances, with no transformation or standardisation.
RESULTS

Diversity and community structure
A total of 22 fish taxa (Fig. 2 Group 1 was the largest group, consisting of 7 deployments (2, 5, 6, 9, 11, 12 & 17) between 2869 and 3420 m. Two species contribute 61.0% to the withingroup similarity: Coryphaenoides armatus (64.7%), the numerically dominant species, and Histiobranchus bathybius (29.3%).
ANOSIM revealed significant spatial separation (R = 0.95, p = 0.01) when considering all groups. Binary ) combined (73.2%). The 3 most abundant species were Synaphobranchus kaupii, Antimora rostrata and Coryphaenoides (Nematonurus) armatus. Data for these are compared with corresponding data from the Porcupine Seabight (PSB; 49 to 51°N) in the NE Atlantic Ocean (Priede et al. 1994) .
Synaphobranchus kaupii
Synaphobranchus kaupii were present at depths ≤1934 m in the southern transect (1), but only to 1124 m (Transect 2) and 924 m (Transect 3) in the north. First arrival times ranged from 3 to 24 min, and peak fish numbers within frames (peak frame -1 ) ranged between 1 and 7 individuals. The arrival times produced derived abundances of 674 to 12 000 eels km -2 , which was less than predicted for the PSB (9259 to 37 040 eels km -2 ) ( Table 3) . There was no significant linear relationship between mean length (mm) and depth (m) for Synaphobranchus kaupii on the MAR (R 2 = 0.3645, p > 0.1; Fig. 4 ). Mean (± SD) length was shorter in the PSB (255 mm, Priede et al. 1994 ) than on the MAR (552 ± 72.9 mm; n = 137). Maximum biomass was at 1198 m on the southern transect, where an abundance of 12 000 fish km -2 produced an estimate of 1920 kg km -2 .
Antimora rostrata
Antimora rostrata were present on the MAR at depths between 924 and 2355 m, with first arrival times of 0 to 2.5 min. The theoretical abundance estimates were 1045 to 82 148 fish km -2 (Table 4 ). The arrival time of 0 min is excluded because it equates to infinite abundance.
Antimora rostrata on the MAR were much larger (509 ± 41.1 mm; n = 417) than those found in the PSB (346 mm, Priede et al. 1994) . Fig. 4 indicates that the relationship between mean length (mm) and depth (m) was insignificant (R 2 = 0.0008, p > 0.1). Estimated biomass was highest at the deepest site where A. rostrata were observed (82 148 kg km -2 at 2355 m). Mean total length (mm) Depth (m) Fig. 4 . Relationships of mean total length (mm) with depth (m) for Synaphobranchus kaupii (n), Antimora rostrata (s) and Coryphaenoides (Nematonurus) armatus (j)
Coryphaenoides (Nematonurus) armatus
Coryphaenoides (Nematonurus) armatus were numerically dominant at the deepest sites, 2869 to 3420 m, with up to 17 individuals simultaneously visible at the bait (Table 2) . At shallower sites, 1735 to 2065 m (13, 15 & 16) , where Antimora rostrata were also present, first arrival times were considerably slower for C. armatus (22.5, 67.5 and 63.0 min) than for A. rostrata (1.5, 3.0 and 6.0 min).
First arrival times ranging between 6 and 81 min produced abundance estimates of 28 to 2841 fish km -2 (Table 5) . When calculating an overall abundance for the MAR using a mean first arrival time of 36 min and a current speed during the first 30 min of Mean calculated from raw data, not from the means listed in the table   Table 4 . Antimora rostrata. Comparison of ROBIO and AUDOS lander data on the MAR and PSB. PSB data from Priede et al. (1994) . Total length measured from photographs; wet weight calculated from applying a length-weight regression equation (see 'Materials and methods'). For deployment 14, fish were present from 0 min; hence, no first arrival time is listed . Coryphaenoides armatus increased in body size with depth (Fig. 4) , in accordance with the smaller-shallower trend proposed by Heincke in 1913 (Merrett & Haedrich 1997 ) (R 2 = 0.7251, p < 0.01). The peak biomass occurred at 2934 m, with an estimated biomass of 1335 kg km -2 . The best fits for the arrival rate α 0 and the staying time β are compared with previous data from the PSB (Priede et al. 1994) in Table 5 . Comparisons of the MAR (mean α 0 = 0.15 ± 0.103, mean β = 160 ± 75) with the PSB (mean α 0 = 0.26 ± 0.146, mean β = 110 ± 66) indicate that the fish arrive at approximately half the rate of the fish at the PSB, but spend more time at the bait.
DISCUSSION
This baited photographic survey of the MAR reveals active scavenging fishes present at all latitudes and depths studied. Community structure analysis revealed that, as on slopes around continental margins (Haedrich & Merrett 1988) , the most important determinant of species composition at any given locality is depth.
Species-specific differences in vertical distribution occur: Synaphobranchus kaupii is present at depths ≤1934 m, Antimora rostrata at ≤2355 m and Coryphaenoides armatus at > 2000 m. These findings reflect the same sequence observed on the continental margins (Priede 1990 , 1991 , Collins et al. 1999 , Priede & Bagley 2000 , Henriques et al. 2002 , and indicate remarkable species depth fidelity, despite the steep depth gradients that allow for large changes in depth during small horizontal excursions.
At 900 to 1000 m, the crests of the MAR are deeper than the upper limit of the depth distribution of Synaphobranchus kaupii (minimum depth 236 m) and Antimora rostrata (minimum depth 350 m) (Cohen et al. 1990 , Sulak & Shcherbachev 1997 . This truncation in depth range of suitable habitat may influence the populations of these species, whereas Coryphaenoides armatus (minimum depth 1830 m) would remain unaffected. For S. kaupii, the observed abundances were very low in the north, compared with corresponding data from the PSB at the same latitude. Similarly the maximum depth of occurrence (1124 m) was much shallower than corresponding observations in the PSB (2020 m). This is consistent with our initial hypothesis that fishes of the MAR should show a shallower depth range in response to reduced food supply, albeit compounded by an adverse effect of depth range truncation (Cartes & Carrasson 2004) . At the southern transect, the depth range of ≤1934 m and the theoretical abundance exceeding 10 000 km -2 are similar to those of the PSB, and may be supported by the proximity of shallower waters around the Azores. Large body size on the MAR, however, is a persistent feature, suggesting that patterns of recruitment and growth are different in mid-ocean populations.
In the southern transect, Antimora rostrata were seen only in Deployment 4, but they were conspicuous by their large numbers and rapid arrival in the north. The peak numbers at the baits in this depth range were significantly higher (p = 0.0036) than those found in the PSB (mean = 3.5), and theoretical abundances were also greater (Priede et al. 1994) . A. rostrata seem to be very successful on the MAR in the northern part of our study area. This may be linked to the relative lack of success of Synaphobranchus kaupii with which they compete at the upper end of their depth range on the slopes (Priede & Bagley 2000) . No bigger-deeper trend was found in the ROBIO images, but a larger mean total length on the MAR is in agreement with larger individuals being sampled further offshore (Iwamoto 1975 , Gordon & Duncan 1985 , Magnusson 2001 . Success of A. rostrata on the MAR may be influenced by the fact that there is less commercial fishing activity than on the continental margins, where A. rostrata suffers as bycatch (Devine et al. 2006) .
Theoretical abundances for both Synaphobranchus kaupii and Antimora rostrata are speculative. It is worth noting that, due to the inverse square law of the model, short arrival times produce very large abundance estimates that can be subject to large errors. The model also assumes individuals are not gregarious; S. kaupii can exhibit shoaling behaviour (Priede et al. 1994) .
The theoretical abundances and size of Coryphaenoides armatus on the MAR are comparable with values in the PSB. Previous estimates of the abundance of C. armatus were 104 to 987 ind. km -2 for the PSB and 188 ind. km -2 for Porcupine Abyssal Plain, NE Atlantic, (Priede & Merrett 1996) .
Coryphaenoides armatus shows a significant increase in size with depth. Collins et al. (2005) contend that for scavenging species such as C. armatus selective pressure increases body size with depth, as large individuals are better able to exploit sparsely distributed food packages in the abyss. We observed young macrourids (49 to 113 mm) on 4 occasions, but they did not feed directly on bait. Previous brain morphology studies on C. armatus indicate that young individuals are visual predators and do not rely on olfactory navigation until they adopt the scavenging habit (> 450 mm TL) (Wagner 2003) . Hitherto, small fish had not been seen at baited cameras, except for 1 sighting at a cetacean carcass in the PSB, 2710 m depth (Kemp et al. 2006 ). However, observations on the MAR may reflect increased young macrourid abundance, or the attractive (visual and audio) stimuli of other fish in the process of feeding (Bailey & Priede 2002 , Vecchione 2004 ; available at www.mar-eco.no/sci).
Coryphaenoides armatus are present at bait for longer periods on the MAR than in the PSB (160 vs. 110 min) and arrive more slowly (0.15 vs. 0.26 fish min -1 ). Optimum foraging theory suggests that when food availability is high, populations are denser, and staying time at food patches is short due to other feeding opportunities (Charnov 1976) . In agreement primary productivity in the PSB is greater than on the MAR (ca. 90 g C m -2 yr -1 vs. < 60 g C m -2 yr -1 ) (Berger 1989) , with some estimates of 80 g C m -2 yr -1 on the northern MAR, down to < 20 g C m -2 yr -1 in southern regions (Longhurst 1998) .
Estimated abundance for all 3 numerically dominant species and mean species richness decreases at 51°N, supporting the suggestion that the area is a region of faunal change. Previously established areas of faunal change in the North Atlantic have been very broad, but conclusions were drawn from few data (Merrett 1987 , Hareide & Garnes 2001 . The data presented here do not contradict the previously proposed area of 48 to 52°N as a region of faunal change (Hareide & Garnes 2001 ), but suggest a narrowing in this region to 50-52°N, coinciding more closely with the position of the sub-polar front in the North Atlantic and the CGFZ.
Baited gears such as ROBIO sample a limited range of species that is attracted to bait mainly via olfactory cues and are complementary to traditional survey techniques. Preliminary MAR-ECO demersal trawl data yielded > 60 demersal fish species on the MAR (I. Byrkjedal pers. comm.), compared to 22 species visiting ROBIO. Previous studies in the PSB revealed 18 species at a baited lander compared to 71 in trawls (Priede et al. 1994) .
